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Synopsis :

In order to consider why and how the fatigue crack growth in steel is accelerated in seawater, effects of

environmental variables on fatigue crack growth rates were investigated.

In this study, intermediate

(Region II) Fatigue Crack Growth Rates (FCGRs) in a 660 MPa tensile strength steel were measured

under various environmental conditions at 25°C, using compact type specimens.

Those experiments showed

that decrease of corrosion rate by cathodic protection at —0.8 V vs. SCE or deoxygenation was not effec-

tive to lower the FCGR in synthetic seawater.

Also anodic polarization at —0.6 V vs. SCE did not influ-

ence the FCGR. These results suggest that corrosion reactions do not influence the FCGR in seawater.
On the other hand, salts dissolved in seawater did not affect the FCGR and the increase of water
contents in ethanol and glycerin accelerated the FCGR. Water must be the substance which accelerates

the FCGR.

In addition, FCGRs in some oils or other noncorrosive liquids, i.e. liquid paraffin, hy-

draulic oil, oleic acid and linoleic acid were greater than that in air, although the FCGR in

1,1,2-trichloro-1,2,2-trifluoroethane was almost equal to that in air.

Therefore, it was concluded that

hydrogen atoms dissociated from environment substances caused the fatigue crack growth acceleration.
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Fig. 1. Compact type specimen used to measure
fatigue crack growth rate in 660 MPa steel (mm).
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Fig. 10. Effect of water contents in ethanol on
fatigue crack growth rates in 660 MPa steel.

) KEEURES COREI SROIBHE L (8 )iz L
7278 KRB COREY & BURIBB OB 5B ITRE
hs.

DXL, (5)XOBRIZOWTEET L. FEEEEH~
DEBORERIBERE cO I/nFIHFITHZ &
A5, FreunoLich OEER & LTHORATWA. T4
bb,

y= F /™ et (9)
T, yIEROBMERIIRESNLIBEHNER,
EBLU n 3ERTHS. $HE, (5)RD clp i,
WEENDOKOEEEIHBITLELE LS. 2ED,(5)
Xit, KOWEEIZ da/dN DSHBITH L 2 BEWRLT
Wb,

ST, AZUERIATICRE L KSFH S KER
FHREST ADHLVIIEHELTHEEL TV KERTF
PHEPICRAL, SREBOMEL LT &) HIE
rE 2, KOREBREOZEHIFEBTESL., KO
B, BEE>SHREESRAIF VLY POy gl
M5+ AWMEELH L. £2AT, Wb AkERMES
iz, fiIS»DFERICE > TRIRE N7 KEICE - TH
MM Z LV, A RREDD BB AICELS
HNTHDHYO, EHMEMRIILEKEREE VRS ERE
<, BB TIIEIRMELH 1200 MPa L EOBE
CORELBD LunbhTws, &2 aH, AL#EK
RO S EZEOMEIE, Fig. 3ITRLAK IS,
B TbLRI o T, KEREE TR, BREK
B2 BENESTEHEMEET A 0L, E
3 A BURES AT AR P CTINET 556, da/dN IH

— 145 —



452 #% & M

% 76 4E (1990) % 3 &

HH A7 VHERAMECTCORFIEMOLZE R %2 H o
729 L7295 T, BEES S REERE~OKEDF
Hix, AEREMEANOBE L ZELZLAEEOLOLE R
bhn, ek, EERETEMECISBIETIE, AL
HEAK P 5 & SARRTE & KSURIE ST 3 BBRNIC K & ZniE L
BRHBON D72 7L, AL#HKETELT DI
BRBHBOEHER O NS, BHEREEEO L O»ZD
FBODLODIIEEETE L.

£ 2 AT, AK, O #ES I <k, KA da/dN
WBEOEEB S - EHESATWE®, LiL,
KA 0.0017~1Hz O#EFH CHE LEEDOZEN %
otz® T Ehn, AR THEETAHEER [ T,
AU O KEF da/dN 12O W TEEOEF I EMRT
EBIFENEVEEZLND.

AR OKE R, EE, WAL TIHREREEE LS
NLEE YT 74 v, ViBhil, ALV A VB U/ — Vg
7 & OIFKBEMERBARS T I ERIZFESNET S 2 &
AIRENR, KUSOWE &Y A B M S & 51
EHRBBIENDbh o E72, 0.29% OKGEE L
T % ) — N da/dN KRB EIFIF—F L0
L, 0.20% okSF%2 &L 7)) i TIRINESRED
Sh:zeht, T8/ —LidmEz2b7-5TWHE T
WV, UL CINEWECH LR DD, &
B, EMET CORNTEEFNERZESERAEHMTH -
Th, WiREEEZEAEDY, mHEEEH-S, E
Fm'? T X ZUZIBOMESEL B ERHH N
TWwh,

AFFREREB LI ALDHRD S, KU OWE D
5 ZDHTHICKERET*ELLOTHNE, sRE
WOFERTOIGIC L D KEISHREL, ZOKEHMN
FIZBATAZ LICE > TEFEREH/EMET S 2 &
HhreELONS, Ld-T, 1,1,2-+)r0ua
-1,2,2-ry 7t nxry v (CCLF-CCIF,) D& )i
SFREECKERETEE T, KEMGRE I20 2%
B DB EIESE L e st ELOND.

Ao e L2EE 1 2805957 &2 nH
i, XBERTOXETNYRLHEOT ) RDOIEEIC
EARBB LT ETEEEI L > TETHLEERDS
TV B20, BIEWE» oM LA ICBALKE
HEDL T OREICHES L, BRETLEZPIIOVTIE
BEDL ZAHELATIREL, BEOMRERETH 5.

5 ¥ E ]

Fi & D RBHP L OCFEKBEHIRES T 660 MPa &
BESR OIS T RAR A o M EE (4E 1) B

B ABEBEER YT o7 25, DXDOL ) iR
VX CASR (WA

(1 )AMERASH o N LK iy & ZURBEE I, W
bW A BIEREEMICEND Y — FEMZEIMLTLH
RIBEIRBEE L DALY, RARPLu—H%L%
sl

(2)7 7 — FEMNZENL CBABERIL T L C
b, NL#KSPHEY & YRR BB RRE L (21
—F L. ‘

(3)BIFEEEB L UBIERYRE L UGEEE K
WLTH, NLHlEKPES S REEEE I EALE
B hhol.

(4)x % 2= NB LU T ) DT & B EH
B, BEBROKSHEVITERE o7 ‘

(5 )IEKRBHDWATD HiRENINT 7 1 ~, VEBDH,
AVAVEBEBIUY /= VBRI BWT LK SR
DHEAH: 7z,

(6 ) FHhICKERFEELILZVETHS 1,1,2-
FYyrou-1,22-FY7hFO sy O RTEETER
EHOMEIBE I e h o7,

Db X 2fEE»S, @toEE I 875K
R ARG A 57 S BB 2T 2 &0 X
HIZEE L.

(1)#HARPEY 2 REBBEICRT7 /- FRUSb A
V— FEIEH I E A EFGET, BEKEICE » TRER
& B L 72 ES A PR OMENSE L B DTk 7.

(2)#EKFPCTHEY EFUZBELMES L LYWEEIKTH
%.

(3)XZUERFAETICHE L-KkB L OZF oo
WD O KRBT, SBPICBAL, WbWwAKE
JertEin L 3R LEAOBEICL D SREFONEZ
b7,

X 3

1) EHEFER: M8, 32 (1973), p. 1201

2) FrHEEZ, ARRZEL, ®E 8 TR B AR, 35
(1986), p. 27

3) R. P. WEl and G. SHIm: ASTM STP 801 (1983), p. 5

4 ) I M. AUSTEN: Quantitative Understanding of Corrosion
Fatigue Crack Growth Behaviour, ECSC Contract No.
7210-KE/806 Final Report EUR 8560 (1983), p. 17

5) Ey-ERiGER: HASEFEEE, 40 (1976), p. 964

6 ) KPS, IMRIE—: & 8, 74 (1988), p. 1665

7 ) Y. TakesHi and H. MIMURA: Proc. Offshore Technology
Conf. (1986), OTC 5155

8 ) AHRNE—, RFEEE, B0 &, (LA —m, ¥ B
BHEFECEASHEME, 39 (1986), p. 392

9 ) A. SAXENA and S. J. HuDAK, Jr.: Int. J. Fracture,
14 (1978), p. 453

10) H. H. Uuiic %, EFAE, BB M BENLE £0

— 146 —



660 MPa BB N OKH S SEHER ICB X2 TRERFORE 453

I (% 2 B (1984), p. 71, p. 87, p. 103, p. 132 16) P. SMiTH: Fatigue Fract. Engng. Mater. Struct., 10 (1987),
11) AEAE, BE B SMoBEHERSEImI v RY . p. 291

v LEiRIE (1987), p. 105 17) S. SURESH and R. O. RITCHIE: Met. Sci., 16 (1982), p. 529
12) 7z & 203, SHALEEE &ET 3R (HASHILFERR) 18) T. J. LaNGaN, L. CHRisToDOULOU and F. E. LOCKWOOD:

(1981), p. 37 [AL#%] ASLE Trans., 30 (1987), p. 105
13) 7 2 B A, 34 (1985), p. 635 19) W. J PLUMBRIDGE, P. J. Ross aund S. C. PARRY: Mater.
14) -k 28, BEAbEER (5 3 iEHIR) (1981), p. 1188 Sci. Eng., 68 (1985), p. 219

[EHEE] 20) FHl—5%: AP EL R M 6 JEITME S (lERME
15) FEIE: & 78, 79 EW LG SHHTHE (H REkMi & ) 1985), p. 117 [ A — &4%t]

i) (1981), p. 226

— 147 —



